STRATIGRAPHY, PALYNOLOGY AND IMPLICATIONS OF ORGANIC BANDS 
IN A SMALL QUATERNARY BASIN, NEAR PALMER, SOUTH AUSTRALIA; 


by ELIZABETH A. A. GRrusst 


Summary 
Gruss, E. A. A. (1978) Stratigraphy, palynology and Implications of organic bands in a 
small quaternary basin, near Palmer, South Australia. Trans. R. Soc. S. Aust. 10215), 


117-123, 30 August, 1978. 


‘The stratigraphy and pollen coment of dominantly sandy sediments in a creek bed 
new Palmer have been examined, Organic bands appear to reflect the presence of permanent 
standing water in a settling pond from ubout 8000 years B.P. to some time more recent 
than 6600 B.P, Fhe generic content of the vegetation then was comparable to the present, 
but the presence òf spores of Anthocerotales suggests that the climate was slightly wetter. 


Introduction 


An intermittently flowing stream l1 km 
south of Patmer, Soulh Ausirulia, has deeply 
incised earlier deposits, exposing otganie layers 
in its steep banks. The site is interesting be- 
cause it is the only known Holocene site con- 
taining organic sediments in the Mt Lofty 
Ranges. it is critically positioned hear the 
eastern limits of the Runges, in a boundary 
zone between the woodland and open forest 
vegetation characteristic of the higher and 
wetter ranges to the west and the scrub and 
mallee, common an the Murray Plains in the 
cust, 

This paper describes the stratigraphy and 
gives pollen counts from the organie sedi- 
Ments, und discusses the implications of these 
results in the light of work done on material 
ol comparable age from other parts of 
southern Australia. 

Gorge Creek, lat. 34755 S, long, 139° 10 E, 
Nows in a shallow valley running cast trom Mt 
Beevor towards the Murray Plains (Fig. 1). 
Mt Beevor is 480 m high, and is a spur of the 
higher and wetter Mt Lofty Ranges. Above the 
site, which ix at an altitude of 200 m, the 
creck drains an area approximately 8 km long 
and at the most 3 kim wide. Below the site the 
valley is constricted by rocky outcrops and 
the creek runs to the Murray Plains 3 km away 


through a narrow pass between the hills, which 
form the castern-most edge of the Mt Lofty 
Ranges, 

The mean annual rainfall is estimated as 
about 400 mm. Daily mean maximum tem- 
peralures at nearby Murray Bridge range from 
28.9°C in February to 15.8°C in July, and 
daily mean minima from 15.1°C (February) 
to 5.5°C (July). It is likely that similar tem- 
peratures are experienced at the site, modified 
a little by the constricted valley formation of 
the surrounding hills which probably tend to 
trap cold air. Prevailing winds are from the 
west and southwest. 


Stratigraphy 


A stratigraphic section (Fig. 2) was deter- 
mined from natural exposures in the steep- 
banked gully of Gorge Creek. The deposit is 
ahout 100 m tong; its breadth ts uncertain but 
appears to be about 15 m. Alternating bands 
of sand and organic matter are about nine m 
thick (Fig. 3). The lower and more richly 
organic bands form discrete layers, but the 
upper bands are less rich and less distinet. Up- 
stream and downstream there is a uniform 
hrawn sand which fills the bulk of the valley 
floor. Schist of the Kanmantoo group lies only 
a few centimetres below the present stream 


+ 54 Thornton Way, Girton, Cambridgeshire CB3 ONJ, England. 


t+ Vhis paper is bused on: Grubb, E. A. A, (1967) Analysis of a semi-fossil organic deposit near 
Palmer. South Australia. M.Sc. thesis, Department of Botany. University of Adelaide (unpublished). 
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tiv. 1. 'Fopography of upper reaches of Gorge Creek, showing position of deposit (arrowed). Palmer 


is [1 km to the north. 


hed along the whole length of the deposit, and 
there is a particularly notable outcrop near the 
downstream end. {t scems most likely that the 
deposit began to accumulate in a small water- 
hole or swamp retained behind a barrier 
formed by the schist. However, the deposit 
now extends over the schist barrier. Subsequent 
incision by Gorge Creck has formed a narrow, 
steep-hanked gully, exposing the layers shown 
in Fig. 3. 

The sands are of varying colour and texture, 
ranging from white through various shades of 
yellow, orange and brown to black organic 
sands and through fine and coarse sand to 
gravel (Fig, 2). Very little clay is present. The 
organic layers range from the black sand to a 
heavy moist peat-like material. There is no 
evidence of charcoal, The richest organic 
layers have been numbered one to seven (Fig. 
2), und examined for the presence of pollen. 


Two radio carbon dates were obtained. The 
oldest! organic layer (7) was dated at 6600 + 
100 years B.P. A date of 8000 years was ob- 
tained for a more recent layer, and this makes 
it dificult to say with certainty when the 
earliest sedimentation occurred. 


Methods 

Samples were collected from each organic 
layer. As the Jayers were exposed sands were 
simply sampled using 2.5 x 5 em glass vials, 
Slabs of the peat-like laycrs approximately 20 
x 20 em, were removed and transported in 
plastic bags; in the laboratory fresh surfaces 
were exposed and subsampled for analysis. 

Subsamples of 1 g were processed using 
standard techniques given by Facgri & Iversen 
(1950). The most satisfactory means of pre- 
paration was treatment with 5% potassium 
hydroxide for 15 min., followed by acetolysis 
and vibration using a ‘vibraflute’ (Tshady 
1960). The dehydrated residues were mounted 
in glycerine jelly and stained with safranin. 

A reference collection was made of the pol- 
fen grains of about 200 species commonly 
found in the Palmer area now. Spores proved 
to be common in the deposit and this neecs- 
sitated a small collection of fern and bryophyte 
spores as there was at that time no suitable 
reference text for these species in Australia. 


Vegetation of the study area 
Specht (1972) has mapped the probahlc 
pre-settlement vegetation of the Palmer arca 
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us ‘woodland to open-forest with herbaccous 
understorey’ dominated by Eucalyptus camal- 
dulensis (mainly in the valley bottoms), E. 
odorata and Casuarina stricta, The area was 
opened up for European settlement about 1850 
und hus been extensively cleared to leave an 
open grassland with occasional scattered trees, 
Within 2 kim of the site can be found Banksia 
marginata, Callitris colvinellaris, C. preissii, 
Casnarina stricta, Eucalypius anceps. E, 
camaldulensis, E. fasciculosa and E, porosa. 
In most of the urca the commonest trees are 
eucalypts, but on the rocky slopes surrounding 
the study site Cusnearina stricta is relatively 
more prominent, The mallee euealypts (E 
anceps and X. porosa) oecur in diserete out- 
liers on sandy or rocky soils, 

Native shrubs and sub-shrubs have been 
largely eaten out but some species may be 
found still: Acacia spp., Billardiera serico- 
phora, Bursaria spinosa, Correa schlechtan- 
delii, Dodonaea viscosa, Laloragis heteru- 
phyla, Melaleuca neglecta, Oleuria sp., Pime- 
lea stricta. Rhasedia nutans, and several 
small legumes. Three ferns found commonly 
are Cheilanthes tenuifolia, Pleurosorus ruti- 
tolius and Pteridinmi esculentum, 

Within | km of the deposit are pools con- 
taining Potamogeton erispus and Ruppia mari- 
tima, and in the areas surrounding them grow 
Carex tereticanlis, Juncus spa Lepidospermu 
laterale,  Leptocorpus biownii, Machaerina 
juncea, Scirpus americanus and $. nodosus. in 
ather areas probably seasonally waterlogged 


can be found Cyperus gyimuocaylos and 
Juneus spp. 
Nomenclature follows Blach (1943-57) 


except where revised by Eichler (1965). 


The pollen record and its evalnation 

Layer 1, an organie sand, and layer 2, an 
orgunic layer whose straligeaphic origins ure 
ohseure, yielded no pollen. Layers 3. 5, 6 und 
7 contained pollen in meagre quantities, the 
average slide having a count of about 100 
pollen grains, Layer + appeared as richly 
organie as these four, but the average pollen 
count wus only | or 2 grains per slide, and it 
was decided to ignore i However, if wis quite 
rich in diatom skeletons and a small circular 
seale, possibly also of diatom origin (7Melo- 
vira, David Thomas, pers. comm.). 

The pollen counts obtained are given in 
Fables 1 and 2, 
perieneed in trying to concentrate the pollen, 
Jo have included in Table J total counts of ull 


Because of difficulties ex- 
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Diagrammatic representation of sediments 
in deposit, showing organic coloured sands 
wu top, mottled white sands in middle and 
organie bunds containing pollen near base, 
Layers sampled for pollen analysis are 
numbered (and their thicknesses indicated 
helow in parentheses): 1, very sandy. no 
pollen: 2, richly organic, but stratigraphic- 
ally obscure, no poljen; 3, richly organic, 
pollen present (5 cm): 4, richly organic 
but very little pollen (7 cm); 5, (4 cm); 
6. (7 cm) & 7, (5 em), richly organic, 
pollen present. Depth of section about 
8 m. 
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Fig. 3. Vertical scction of east bank of Gorge Creck from valley loòr to stream bed, showing extent 
of organic deposits. Organic sands are visible for further 26 m downstream. At the left is shown 
outcrop of Kanmantoo Schist which probably formed a barrier behind which deposit accumu- 


lated. 


TABLE 1 
Pollen counts from layers 3, 5, 6 and 7 {different 
Jorms in descending order of prevalence). 


Abundant forms Layer 3 5) 6 7 
Number of slides counted JQ) 529: PB 10 


Casuarina 319 922 278 24 
Compositac bat 89 % 30) 10 

Ib 48 2 6f 

2 (Liguliflorae) 21 G | 3 
Chenopodincese 44 45 44 8 
Haloragaceae SS. aS) NS 6 
Gramineae 22S 229 9 
Banksla a7 a8 3 3 
Myrtaceae 6 10 5 0 
Spores 24 I6 3 3 
Unknowns 343 560 250 94 
Rare forms 
Cullitrichaceae + + — 
Curyophyllaceae + — + — 
Centrolepidaceue + — = = 
Convolvulaceae eos Se S 
Crnciterae oot ies + — 
Cyperaceae T RE ? ? 
Droseracene mo Oo 
Geraniaceae + T — — 
Hydrocharitaceae = + -- 
Labiatae + — = = 
Legumirosae—A cacia + - — + 

—Papilionatae -+ + + — 
Liliaceae -+ + — 
Potamogetonaceae — — n 
Rununculaceae—Cleniatis — — + — 
Rutaceae + + — + 
‘Thymelaeaceac—Pimelea i ete + are 
Typhaceae—Typha-like — Æ Ft += 
Umbelliferae — + + — 
Diatoms + -+ 4- 


“ta Helipterum, Helichrysum, Olearia type pollen. 
Ib Others. 
* Very numerous. 


slides examined from each layer and, to get 
some sort of comparison between the layers, 
T have listed in Table 2 percentage representa- 
tion of pollen from 10 slides from each Inyer, 


It is clear that the number of pollen present 
per slide varies markedly, but the commonest 
families ure present in all layers. The un- 
knowns, which made up 30-60% of the 
counts, appeared to he mostly Cyperaceac und 
Juncaceae. Both these families have thin- 
willed pollen grains with indistinct markings, 
amd can casily suffer damage and distortion 
duc to partial drying out. 


The identification of the pollen to species 
level was not possible. Many of the genera 


represented are widespread and contain several 
species which have very similar pollen and dis- 
tributions. Conversely, the pollen from the 
deposit was similar to, but not identical with 
locally abundant species. The possibility of 
Species evolution as well as movement or 
migration needs to be borne in mind. 


Casuarina-type pollen is by far the most 
abundant tree or shrub pollen in the deposit. 
There are three species of the genus currently 
found in the southern Mt Lofty Ranges: one. 
tree (C. stricta) and two shrubs (C. muel- 
lerana and C. striata). The shrub species are 
commonest in the wetter areas on infertile 
soils, while the tree species is characteristic of 
the drier facies of woodland and open-forest. 
With increasing moisture tall eucalypts become 
prominent, With decreasing moisture mallee 
cucalypts replace C. stricta. A further tree 
species, C. cristata, is very widespread in ‘low 
woodland’ on the dry side of the mallee forma- 
tion in the Murray Plains, I tried to use pollen 
size to separate species, but found that this 
was of limited value because the range of size 
of the fossil pollen was considerably wider 
than that of the present-day species sampled. 
At the present time C. stricta is common on 
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TABLE 2 
Pollen present on ten slides from layers 3, 5, 6 and 
7 irommonrsi forms only listed and expressed as 
roiuls und % p) 


Liver 3 5 ń 7 
No, % No, % Ne % No. Db 
Casuar ie 315) «(32 348 31 744 -50 34 JS 
Compositae tu a g 4 S d 5 Ü ç 
D ae S 4 € eo e 
2 2) 2 R < T= 1 U 
Chonsmidivesac 44 4 mo d siy S D. 5 
Haloripacese 5$ 6 px 4 13 3 6 4 
Gromineve a2 2 wm Z J9 P Y 06 
Banksia 37 «+7 ü i 2 « 1 2 
Myrta cena fi */ 2 rig — — 
Spures at 42 m F -_"— i 
Unknowns 3434 45 248 43 i43 30 wa, 60 
Totulss more 770 444 100 


aD 
"Spores wert found im this dayer bul nôt on the slides 
counted, 

i Probably Included Casuarina and Moerivphyllan Bens 
fou poorly preyeeved to iduinify accurately, 

Probably larecly Cypunceae und Juncaceae 


the racky slopes around the study site, and 
the simplest interpretation of the pollen record 
is that a similar type of woodland persisted 
throughout (he period represented by layers 7 
to 3, However, the contribution of Cesuaria 
tö 4 pollen assemblage is usually out of all 
proportion to its importance in a mixed stand 
of trees, so thii its apparent dominance of the 
local tree flora SOOO vears ago should not he 
laken os proven, 

two Banksiv species ate found in South 
Australia, Beth are largely restrieted to arcas 
with rainfall in excess of 400 mm per year, 
R. marginau is widespread in the Mt Lofty 
Ranges, and is known near the study site, 
whereas Æ ornata is of more local occurrence 
in this pari of the State, and is not known 
neal the study site, The pollen size of the two 
species appears lo he significantly different 
(Cnokson & Erdtmunn 1952). B. nuwpinulu 
averaging 34 pm and B, ornate 58 pm. My 
fossil material compared closely with B. mar- 
when an average of 38 um was obtained for 
12 prains, TE seems likely that the pollen is 
largely from A. nwrginatatype plants. Unlike 
Casuarina, ttankyie is a poor pollen-prodiucer, 
and the relative .hundance of Banksia pollen 
sitmwests Chal the genus was locally common, 

The lanuly Myrtaceae, an important family 
because of its domininace of much of the Aus- 
tralian tree Hora, is represented by a remark- 
ubly low pollen count; cucalypts ure now hy 
{ur the most common trees in the area within 
a few kilometres of the site. ‘The Myrtuecie 
pollen in the deposit seems to he mostly from 
eucalypts, and to represent a number of spe- 


vies. Eucalypts now logally dominant are 
known to. have high pollen yields (Boomsma 
1972) and, in view of the current close promi- 
mity of the trees to the site, one would have 
expected a more obvious record of their 
presence. 

Chenopodiaceae, Composilae and Grami- 
neac arë all now found in ‘woodland to open 
forest with an herbaceous understorey’ (Specht 
1972). The importance of the Muctuations im 
number of each group is obscure. Pollen from 
low shrubs such as Acacia and Pimelea are 
also present, 

‘Unknowns! play a prominent part on the 
pollen counts, The majority of these pollen 
were probably Cyperaceae and Juncaceae with 
possibly some Gramineae, which would be 
consistent with a valley-bottom sedge and rush 
communily, Typha-type pollen were noted in 
very large numbers in layer 6 and, if this iden- 
tification is correct, it seems likely that this 
species colonized the site for a relatively brief 
period, presumably because local conditions 
were suituble for its establishment, Whether 
this was a chance occurrence or dependent on 
certain specific ecological factors is uncertain, 

Tt seems likely that the Haloragaceae pollen 
recorded consistently from each layer is 
Myriophyllum. u genus found locally with 
several aquatic or marginally aquatic represen- 
latives, This Would be consistent with results 
found from other sites of similar age from 
southeastern South Australia, Dodson (1974, 
1974b, 1975) noted persistent! high counts. for 
Myriophylinn pollen in bis material from 
Lake Leake, Marshes Swamp and Mt Gam- 
bier 

The precise identiticalion of the different 
types of spores has vet to he realized. but there 
are probably al least 10 species in the depesit. 
A number of these are fern spores lacking a 
perispore with affinities to Chefhinthes and 
Lindsaca. Two other spore-types were iden- 
tified as Anthocerotales, a group Tound oevca- 
sionally in damp areas higher in the Mr tatty 
Ranges but not now found ta the Palmer area 

Two Lycopodium spores were niso noted, 
although they could not he positively identihed 
as being from one of the species vow found 
i) South Australia (L. denterodensan, L 
laterale and L, sérpentitivn) This genus now 
has a very restricted distribution ia the state, 
and is found only ata few sites such as Square 
Water Hole, Mt Compass and the MI Lotty 
Summit Swamps, all places with permanent 
Standing water, 
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Discussion 

I) has been established by others that the 
climate in southern Australia has been rela- 
hvely stable over the past 10000 years; tem- 
perature and rainfall are thought to have been 
marginally higher hetween $000 and 5000 
years B.P, than now, and ths spell was 
apparently followed by a drier period around 
3000 years B.P. before it heeame wener again 
i Bowler et al, 1976), 


U appears that the generic content of the 
vegetation al Gorge Creek hos remained 
largely unchanged over the last 8000 years, 
Casuarina, Banksia and Eycalyplus formed the 
most prominent pollen-cantobuting genera 
8000-6600 years ago, An understorey of herbs 
und subshrubs chenopods, composites and 
grasses} was present around u shallow lake or 
waterhole with Cyperacese and Juncus species 
near the waters edee. In the pool grew Myria- 
piyllum. Potamogeton nnd several other 
hydrophyies. On nearhy slopes, possibly 
among rocks, were established a few ferns, 
Anthocerotales and possibly Lycopodium spe- 
vies. Only the Anthoceratales ind Lyeapadinm 
species are no longer found locally, 


The major plant families at this site are also 
the commonest families noted hy Dodson 
(19744, 1974b, 1975) and by Dodson & Wil- 
son (1975) at five sites in southeastern South 
Australia and southwestern Victoria, All of the 
Victorian sies are i areas dominated by 
woodland or open-forest and, although the 
relative importance of the major floristic 
groups varies quite considerably, it is clear 
thal the pattern of vegetation at this site is 
closely comparable with (hat at sites in the 
southeast. It js quite different from that found 
by Martin (1973) th material from Nullabor 
Caves where the present rainfall is aubòi 200 
mm per year; chenopods dominated her pollen 
coumis, while Compositae. Gramineae and 
Mvyitacese accounted for most of the test of 
the pollen. 


Pollen analysis shows little change in the 
generic content of the four layers cxamined. 
The presence in quantity of the Tvpha-like 
pollen in layer 6 would appear to be a local 
phenomenon, 3 chance occurrence made pos- 
sibly by some change in the local environment., 
Fluctuations in climate were apparently noi 
greal cnough to cause significant changes in the 
yeselation, although pellen-contuining sedi 
ments represent only a small part in the his- 
tory of the sediments, 


fi appears that the onset of a slightly dner 
climate (perhaps about 5000 years B.P, as dis- 
cussed hy Churchill 1968, and Bowler er al. 
1976), possibly coupled with a step in the 
Veselutionul succession of the waterhole 
whereby if was no longer permanently wet but 
only seasonally swampy, meant that anaerobic 
eondilions were no longer maintained, and any 
organie matter formed was no longer pre- 
served to form obvious organic bands. 


More recently weiter conditions have pre- 
vailed again, and the organic content of the 
sediments has increased, as some sort of 
ground cover, presumably largely Cyperaceac 
and Juncus, has been established and mmn- 
tiined, but conditions suitable tor the formia- 
tion of permanent standing water or the pre- 
servulion of pollen have not re-oceurred, Sands 
with a marked dark colouration have accumu- 
lared, hut no peat, 


One of the most interesting features of the 
deposit is the occurrence of spores of the 
Anthocerotales, a group which appears to he 
ubsent from the area now, Dodson (1974h) 
found an abundance of ‘Antheceros’ spores in 
material from about 8000 B.P. at Lake Leake, 
and there Were nohceable peaks in (he abun- 
dance of the genus af Marches Swamp and 
Blue Tea Tree Swamp about 7500 years B.P. 
(Dodson & Wilson 1975), and at Lake 
Keilambete about 6500 years B.P. (Dodson 
1974a), Tt is tempting to suggest that the 
increase in importance of the Anthocerotales 
about 8000-5000 years B.P. may have been 
correlated with slightly wetter conditions. 
However, one species of Anthocerotales has 
heen recorded in the Wyperfield National 
Park in western Victoria where the rainfall is 
about 300 mm per year (G. A. M, Scott, pers. 
comm, ), and some species are known to deve- 
lop tubers, and appear to be able to withstand 
drought (Goebel 1905), Until the spores can 
be more positively identified, and more is 
known ahour the distributions of the genera 
and species and the factors controlling their 
growrh, one canner use them as uneduivocal 
evidence of climatic change. 
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GEOLOGICAL HISTORY OF THE MOUNT GAMBIER VOLCANIC 
COMPLEX, SOUTHEAST SOUTH AUSTRALIA 


BY M. J. SHEARD 


Summary 


The Mount Gambier Volcanic Complex comprises a close-knit series of composite maars with a 
complex history of eruption, the earlier date being 4720 + 90 years B.P. Detailed field mapping has 
similarly revealed two main periods of eruption, each one comprising at least three phases of 
activity. Maars were the major volcanic structures produced; however, Strombolian and Icelandic 
eruptions are indicated by scoria cones and lava sheets. 


